ELSEVIER

Assessment of
Vuinerahbility to
Natural Hazards

Edited hy
Jorn Birkmann, Stefan Kienberger
and David E. Alexander
SN
-



Assessment of Vulnerability
to Natural Hazards




This page intentionally left blank



Assessment of
Vulnerability to
Natural Hazards

A European Perspective

ELSEVIER

Edited by

Jorn Birkmann

United Nations University,

Institute for Environment and Human
Security (UNU-EHS), Bonn, Germany

Stefan Kienberger
Department of Geoinformatics —
Z_GIS, University of Salzburg,
Salzburg, Austria

David E. Alexander

Institute for Risk and Disaster Reduction,
University College London, London,
United Kingdom

AMSTERDAM ¢ BOSTON e HEIDELBERG ¢ LONDON
NEW YORK ¢ OXFORD e PARIS ¢ SAN DIEGO
SAN FRANCISCO e SINGAPORE ¢ SYDNEY e TOKYO



Elsevier
525 B Street, Suite 1900, San Diego, CA 92101-4495, USA
225 Wyman Street, Waltham, MA 02451, USA

Copyright © 2014 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system or
transmitted in any form or by any means electronic, mechanical, photocopying,
recording or otherwise without the prior written permission of the publisher.

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone (+44) (0) 1865 843830; fax (+44) (0) 1865 853333;
email: permissions @elsevier.com. Alternatively you can submit your request online by
visiting the Elsevier web site at http://elsevier.com/locate/permissions, and selecting
Obtaining permission to use Elsevier material.

Notice

No responsibility is assumed by the publisher for any injury and/or damage to persons
or property as a matter of products liability, negligence or otherwise, or from any use
or operation of any methods, products, instructions or ideas contained in the material
herein. Because of rapid advances in the medical sciences, in particular, independent
verification of diagnoses and drug dosages should be made.

Library of Congress Cataloging-in-Publication Data
Assessment of vulnerability to natural hazards: a European perspective/[edited by]
Jorn Birkmann, Stefan Kienberger, David E. Alexander.
pages cm

ISBN 978-0-12-410528-7 (hardback)
1. Natural disasters—Europe. 2. Hazard mitigation—Europe 3. Environmental risk
assessment—Europe. 4. Emergency management—Planning—Europe. 5. Human security.
1. Birkmann, Jorn. II. Kienberger, Stefan. III. Alexander, David (David E.)

GB5008.E87A77 2014

363.34°2064-dc23

2014006590

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-0-12-410528-7

For information on all Elsevier publications
visit our web site at store.elsevier.com

Printed and bound in China

1415161718 10987654321

aa Working together
—4B8 1 grow libraries in

PockMd developing countries

ELSEVIER

www.elsevier.com ¢ www.bookaid.org



mailto:permissions@elsevier.com
http://elsevier.com/locate/permissions
http://store.elsevier.com

Contributors
Introduction

Theoretical and Conceptual Framework for the
Assessment of Vulnerability to Natural Hazards
and Climate Change in Europe

Jorn Birkmann, Omar D. Cardona, Martha Liliana Carrefio,

vii

Alex H. Barbat, Mark Pelling, Stefan Schneiderbauer, Stefan Kienberger,

Margareth Keiler, David E. Alexander, Peter Zeil and Torsten Welle

Holistic Evaluation of Seismic Risk in Barcelona

Martha Liliana Carrefio, Alex H. Barbat, Omar D. Cardona
and Mabel C. Marulanda

Spatial and Holistic Assessment of Social, Economic,
and Environmental Vulnerability to Floods —Lessons
from the Salzach River Basin, Austria

Stefan Kienberger, Diana Contreras and Peter Zeil

Vulnerability to Earthquakes and Floods of the
Healthcare System in Florence, Italy

Roberto Miniati and Christian lasio

Vulnerability Assessment to Heat Waves, Floods, and
Earthquakes Using the MOVE Framework: Test Case
Cologne, Germany

Torsten Welle, Yaella Depietri, Marjory Angignard, J6rn Birkmann,
Fabrice Renaud and Stefan Greiving

Vulnerability to Drought and Heatwave in London:
Revealing Institutionally Configured Risk

Zehra Zaidi and Mark Pelling

21

53

75

91

125



vi

Index

Contents

Comprehensive Vulnerability Assessment of Forest Fires
and Coastal Erosion: Evidences from Case-Study
Analysis in Portugal 149

Dr Fantina Tedim, Dr Manuel Garcin, Dr Charlotte Vinchon,
Dr Salete Carvalho, Dr Nicolas Desramaut, Dr Jeremy Rohmer

Vulnerability to Heat Waves, Floods, and Landslides
in Mountainous Terrain: Test Cases in South Tyrol 179

Maria Papathoma-Koéhle, Thorsten Ulbrich, Margareth Keiler,
Lydia Pedoth, Reinhold Totschnig, Thomas Glade,
Stefan Schneiderbauer, Unni Eidswig

Conclusion: Assessing Vulnerability in Europe

and the World 203
David E. Alexander

215



Contributors

David E. Alexander Institute for Risk and Disaster Reduction, University College
London, London, United Kingdom

Marjory Angignard Institute of Spatial Planning, Technical University of Dortmund,
Dortmund, Germany

Alex H. Barbat Universitat Politecnica de Catalunya, Centre Internacional de Metodes
Numerics en Enginyeria (CIMNE), Barcelona, Spain

Jorn Birkmann United Nations University, Institute for Environment and Human
Security (UNU-EHS), Bonn, Germany

Omar D. Cardona Universidad Nacional de Colombia, Sede Manizales, Colombia

Martha Liliana Carrefio Centre Internacional de Meétodes Numerics en Enginyeria
(CIMNE), Universitat Politecnica de Catalunya, Barcelona, Spain

Dr Salete Carvalho Department of Geography, Faculty of Arts, University of Porto,
Porto, Portugal

Diana Contreras Department of Geoinformatics — Z_GIS, University of Salzburg,
Salzburg, Austria

Yaella Depietri United Nations University, Institute for Environment and Human
Security (UNU-EHS), Bonn, Germany; Institut de Ciecia i Tecnologia Ambientals
(ICTA),Universitat Autdonoma de Barcelona (UAB), Barcelona, Spain

Dr Nicolas Desramaut BRGM, Risks and Prevention Division, Ground Instabilities
and Erosion Risk Unit, Orléans, France

Unni Eidswig NGI, Oslo, Norway

Dr Manuel Garcin BRGM, Risks and Prevention Division, Coastal Risks and Climate
Change Unit, Orléans, France

Thomas Glade Department of Geography and Regional Research, University of
Vienna, Vienna, Austria

Stefan Greiving Institute of Spatial Planning, Technical University of Dortmund,
Dortmund, Germany

Christian Iasio Institute for Applied Remote Sensing, EURAC European Academy
for Research, Bolzano, Italy

Margareth Keiler Institute of Geography, University of Bern, Bern, Switzerland

Stefan Kienberger Department of Geoinformatics — Z_GIS, University of Salzburg,
Salzburg, Austria

vii



viii Contributors

Maria Papathoma-Kohle Department of Geography and Regional Research,
University of Vienna, Vienna, Austria

Mabel C. Marulanda Centre Internacional de Metodes Numerics en Enginyeria
(CIMNE) Barcelona, Spain

Roberto Miniati Department of Information Engineering, University of Florence,
Florence, Italy

Lydia Pedoth Institute for Applied Remote Sensing, European Academy of Bolzano
(EURAC), Bozen/Bolzano, Italy

Mark Pelling Department of Geography, King’s College London, The Strand,
London, United Kingdom

Fabrice Renaud United Nations University, Institute for Environment and Human
Security (UNU-EHS), Bonn, Germany

Dr Jeremy Rohmer BRGM, Risks and Prevention Division, Risks of underground
Storages and Exploitations, Orléans, France

Stefan Schneiderbauer Institute for Applied Remote Sensing, European Academy of
Bolzano (EURAC), Bozen/Bolzano, Italy

Reinhold Totschnig eb&p Umweltbiiro GmbH, Klagenfurt, Austria

Dr Fantina Tedim Department of Geography, Faculty of Arts, University of Porto,
Porto, Portugal

Thorsten Ulbrich Institute of Meteorology, Department of Earth Sciences, Freie
Universitit Berlin

Dr Charlotte Vinchon BRGM, Risks and Prevention Division, Coastal Risks and
Climate Change Unit, Orléans, France

Torsten Welle United Nations University, Institute for Environment and Human
Security (UNU-EHS), Bonn, Germany

Zehra Zaidi Department of Geography, King’s College London, The Strand, London,
United Kingdom

Peter Zeil Department of Geoinformatics — Z_GIS, University of Salzburg, Salzburg,
Austria



Chapter 1

Theoretical and Conceptual
Framework for the Assessment of
Vulnerability to Natural Hazards
and Climate Change in Europe’

The MOVE Framework

Jorn Birkmann*, Omar D. Cardona’, Martha Liliana CarrenoSs,

Alex H. Barbat1, Mark Pelling*, Stefan Schneiderbauers,

Stefan Kienbergerf, Margareth Keiler**, David E. Alexander'?,

Peter ZeilT and Torsten Welle*

*United Nations University, Institute for Environment and Human Security (UNU-EHS), Bonn,
Germany, "Universidad Nacional de Colombia, Sede Manizales, Colombia, Department of
Geography, King’s College London, The Strand, London, SInstitute for Applied Remote Sensing,
EURAC, Bozen/Bolzano, Italy, 'Department of Geoinformatics — Z_GIS, University of Salzburg,
Salzburg, Austria, **Institute of Geography, University of Bern, Bern, Switzerland, TTInstitute for
Risk and Disaster Reduction, University College London, London, United Kingdom, WUniversitat
Politecnica de Catalunya, Centre Internacional de Métodes Numerics en Enginyeria (CIMNE),
Barcelona, Spain, 88 Centre Internacional de Métodes Numérics en Enginyeria (CIMNE),
Universitat Politécnica de Catalunya, Barcelona, Spain

Chapter Outline
1.1 Introduction 2 1.2.1.3 Adaptation and
1.2 Risk, Vulnerability, and Coping 4
Adaptation to Natural 1.2.2 Frameworks on How
Hazards 3 to Systematize
1.2.1 Definitions and Vulnerability in Different
Perspectives 3 Communities 5
1.2.1.17 Social 1.2.2.1 Different
Construction Frameworks
of Risk 3 to Systematize
1.2.1.2 Risk and and Define
Disasters 4 Vulnerability 6

1. This chapter is based on a paper published in Natural Hazards dealing with the MOVE
framework; see in detail Birkmann et al., 2013.
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1.1 INTRODUCTION

Newest global assessment reports (GAR, 2011; Welle et al., 2012; IPCC, 2013;
IPCC, 2014) underscore that risk reduction and resilience building remains a key
challenge for developing and developed countries alike particularly due to the
increasing exposure of people and assets in high risk zones and the intensification
of extreme events in the context of climate change (see e.g., [PCC, 2013). It is
increasingly recognized that natural hazard associated risk and threats to human
security cannot be reduced by focusing solely on the hazards. Societies will have to
live with changing environmental conditions and therefore need to build resilience
by reducing vulnerabilities to natural hazards. Vulnerability assessment of natu-
ral hazards and climate change has emerged in the past decades as an important
research field (see e.g., Maskrey, 1984; Chambers, 1989; Pelling, 1997; Cardona,
2001; Birkmann, 2006a,b; Adger, 2006; IPCC, 2007; Bohle, 2008; Bohle and
Glade, 2008; Oxfam America, 2009; Birkmann, 2013) bringing together scientists
from different disciplines (Fuchs, 2009). The following chapter outlines a frame-
work for multidimensional, holistic vulnerability assessment that is understood
as part of risk evaluation and risk management in the context of Disaster Risk
Management (DRM)? and Climate Change Adaptation (CCA). As a heuristic, the
framework is a thinking tool to guide systematic assessments of vulnerability and
to provide a basis for comparative indicators and criteria development to assess key
factors and various dimensions of vulnerability, particularly in regions in Europe,
however, it can also be applied in other world regions. The framework has been
developed within the context of the research project MOVE (Methods for the
Improvement of Vulnerability Assessment in Europe; www.move-fp7.eu) spon-
sored by the European Commission within the framework of the FP 7 program.

2. The term Disaster Risk Management (DRM) also encompasses the concept of Disaster Risk
Reduction (DRR). Thus these terms are used almost synonymously.


http://www.move-fp7.eu/

Chapter | 1 Theoretical and Conceptual Framework for the Assessment 3

1.2 RISK, VULNERABILITY, AND ADAPTATION TO NATURAL
HAZARDS

1.2.1 Definitions and Perspectives

The concept of vulnerability is today a core concept that links important research
communities, particularly DRM, CCA, and development research. However, defi-
nitions of vulnerability are contested and research on vulnerability is underpinned
by multiple disciplinary theories based upon natural or social science epistemolo-
gies. This results in a range of paradigms for approaching vulnerability and is sup-
ported by qualitative and quantitative assessment methodologies (Pelling, 2001;
Birkmann, 2006a,b; O’Brien et al., 2007; Birkmann, 2013; Fuchs, 2009).

The natural science research communities often focus on the quantification of
different factors of vulnerability (e.g., Kienberger et al., 2009; O’Brien et al., 2007).
The aim of these approaches—particularly regarding physical vulnerability—is
to define and quantify damage ranges illustrated through vulnerability curves in
order to help determine acceptable levels of potential losses (Papathoma-Kohle
etal., 2011). Social science approaches often encompass a broad focus and exam-
ine, in particular, the likelihood that an individual household or a community will
suffer harm or experience losses related to environmental hazards, as well as the
context conditions that influence social vulnerability (DFID, 1999; Wisner et al.,
2004). In this context, Phillips and Fordham (2009) emphasize that social vulner-
ability to natural hazards is driven by social inequality and is deeply embedded in
social structures that are often resistant to change (Phillips and Fordham, 2009).
Besides a clear differentiation of risk and vulnerability, the MOVE framework
aims at integrating the concept of adaptation in vulnerability assessments to natu-
ral hazards. In this way, the MOVE framework seeks to enhance the DRR per-
spective by integrating new understanding of coupling, adaptation, and resilience.
In this regard, the framework might also serve as a tool to link particularly the
DRR and CCA community as well as the resilience research community.

Before discussing the different components of the framework and the key
factors of vulnerability in more depth, it is essential to outline the basic under-
standing of disaster risk and vulnerability as well as adaptation applied within
the context of the framework.

1.2.1.1 Social Construction of Risk

The concept of vulnerability underscores the social construction of risk and
is supported empirically by a range of studies applying vulnerability to help
understand risk to hazards, including those with a focus on climate change
(Aysan, 1993; Blaikie et al., 1996; Wisner et al., 2004). Vulnerability refers to
the propensity of exposed elements such as physical or capital assets, as well as
human beings and their livelihoods, to experience harm and suffer damage and
loss when impacted by single or compound hazard events (UNDRO, 1980; Tim-
merman, 1981; Maskrey, 1984; Cardona, 1986, 1990; Liverman, 1990; Cannon,
1994, 2006; Blaikie et al., 1996; UNISDR, 2004, 2009; Birkmann, 2006b,c;
Cutter et al., 2003; Cutter and Finch, 2008; Cutter et al., 2008). While there
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is broad agreement on the aspects of the social construction of risk (Cham-
bers, 1989; Cannon, 1994; Lavell, 1999; Wisner, 2006; Carreifio et al., 2007a,b;
Cardona, 2004), it is at the level of measurement where the challenge remains. The
difficulty lies in assessing the various dimensions of vulnerability and its mul-
tifaceted and dynamic nature (see e.g., Birkmann, 2006b,c; Birkmann, 2013).

1.2.1.2 Risk and Disasters

While risk and vulnerability can be seen as continuums, a disaster is but a
moment or materialization of these underlying conditions. Dynamic changes
of vulnerability and hazard phenomena also mean that risk is nonstatic; it
changes over time and these changes have to be considered when applying
specific assessments, as well as when developing corrective (current risk) or
prospective (future risk) interventions. Overall, disasters are the product of a
complex relationship between the physical environment, both the natural and
built environment, and society; its behavior, function, organization, and devel-
opment, including human perception (Quarantelli, 1998). The term disaster
often refers to a social condition whereby the normal functioning of a social
system has been severely interrupted by the levels of loss, damage, and impact
suffered (Cardona, 1990; Alexander, 1993, 2000; Birkmann, 2006b). How-
ever, disaster can also function as a catalyst for change (see e.g., Birkmann
et al., 2010). Pelling and Dill (2010) demonstrate how disasters and crises can
also catalyze reorganization and learning processes in communities or societ-
ies, often accelerating underlying policy and social trajectories. The concept
of resilience has developed in different schools of thought, such as ecology
(e.g., Holling, 1973), psychology (e.g., Bonanno et al., 2006; Bonanno, 2008),
social-ecological systems research (e.g., Berkes et al., 2003; Folke, 2006), and
critical infrastructures (e.g., Boin and McConnell, 2007). In general, resilience
research is concerned with the ability of a system or a person to deal with
disturbances and the effect of stressors. In addition, resilience research, par-
ticularly with regard to social-ecological systems or infrastructures, focuses
on capacities of systems to reorganize themselves in the face of adverse events
through processes described as revolt and remember and respective innovation
processes. Within the framework, we refer to resilience mainly in terms of the
lack of resilience, hence the limited capacities to cope or to recover in the face
of adverse consequences. At the same time we acknowledge that “improving
resilience” is part of adaptation within our framework. Hence the resilience
concept is attributed to two core components of the MOVE framework: coping
and adaptation.

1.2.1.3 Adaptation and Coping

Adaptation in early reports of the IPCC has not received much attention, since
the overall perception was that too much emphasis on adaptation would contra-
dict strict goals for the reduction of green house gas emissions. However, today
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adaptation is a core concept with the climate change context and goes far beyond
a rather biological and reactive understanding of adjustment. Hence, adaptation
presents itself as a continuous property, with levels of adaptive capacity changing
over time as the status of vulnerability components identified above change and
the demands of a shifting risk environment alter the appropriateness of particular
asset bundles for risk reduction (Pelling, 2001). Such changes can be a result of
disaster events but also everyday processes of development. It should be noted
that adaptation is distinct from coping. Coping we see as an aspect of resilience
that signifies the “here and now” capacity and includes a set of actions avail-
able to those at risk. Coping in this way is part of the formula that determines
vulnerability at any one moment in time. However, coping mainly deals with the
conservation and protection of the current system and institutional settings (see
Birkmann, 2010). Adaptation, by contrast, denotes a longer-term and constantly
unfolding process of learning, experimentation, and change that feeds into vul-
nerability. Adaptation can be felt acting to shape all aspects of vulnerability and
is observable through the systems and outcomes of learning—planned and spon-
taneous, pre and postdisaster (Pelling, 2010). This understanding of adaptation is
commensurate with the emerging consensus from climate change (see Kelly and
Adger, 2000; Yohe and Tol, 2002; Pelling, 2010) where coping is seen to describe
actions taken within existing constraints (including vision and knowledge), and
adaptation signifies change in the framing institutions.

1.2.2 Frameworks on How to Systematize Vulnerability in
Different Communities

In recent years different frameworks have been developed to systematize risk,
different facets of vulnerability and resilience (see overview in Birkmann,
2013). Thomalla et al. (2006) and Mitchell and van Aalst (2009) examine
commonalities and differences between the CCA and DRM communities and
identify key areas of convergence. They conclude that the two communities
perceive the nature and timescale of the threat differently: if impacts due to
climate change are surrounded by uncertainty, considerable knowledge and cer-
tainty exists about the event characteristics and exposures related to extreme
environmental conditions based on historical experience. However, it has to be
acknowledged that climate change challenges the historical knowledge of natu-
ral hazard events, particularly due to the modification of frequency and intensity
of such events (Keiler et al., 2010).

CCA increasingly places emphasis on improving the capacity of govern-
ments and communities to address existing vulnerabilities to current climate
variability and climatic extremes (Thomalla et al., 2006). Echoing the long-
standing concerns of the disaster management community for a more socially
informed approach to risk management (e.g., Hewitt, 1983; Burton et al., 1993)
and from the climate change community, O’Brien et al. (2004) call for an inte-
gration of “underlying causes” of vulnerability and adaptive capacity in climate
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change impact assessments rather than only focusing on adaptive capacity and
technical measures. Furthermore, Birkmann and Teichman (2010) argue that the
DRM and the CCA communities differ particularly in terms of the spatial, tem-
poral, and functional scales applied within their research. Additionally, Romieu
et al. (2010) examined different frameworks and assessment approaches used
within CCA and DRM. They concluded that differences are particularly linked
to process (stress versus shock), scale (temporal, functional, and spatial), assess-
ment approach (statistical versus prospective), and levels of uncertainty.

1.2.2.1 Different Frameworks to Systematize and Define
Vulnerability

The DRM and CCA communities share common roots in social and political
science, however, four distinct approaches to understanding vulnerability and
risk can be identified. The four approaches are not contradictory but rather
approach risk from a specific viewpoint and with particular ends in mind—from
the unearthing of systems linkages from the global to the local to the search
for quantifiable risk measures. This section provides a brief overview of each
approach to help illustrate the key differences and similarities behind these ways
of conceptualizing and measuring risk and its components. Each approach has
been considered in the production of the integrated framework proposed in this
paper. The four approaches can be distinguished between those that are rooted
in (1) political economy; (2) social-ecology; (3) vulnerability and disaster risk
assessment from a holistic view; and (4) climate change systems science.

The political economy approach can be illustrated by the pressure and
release (PAR) model published in Blaikie et al. (1994) and Wisner et al. (2004).
This links vulnerability to unsafe conditions and discrete risk in a continuum
of vulnerability that connects local risk to wider national and global shifts in
the political economy of resources and political power. Associated with this
approach and operating across development studies more generally is the Sus-
tainable Livelihood Framework (see DFID, 1999). Applied in risk contexts most
commonly to help understand household impacts and coping when faced with
food insecurity, the framework successfully unpacks the range of assets that are
at risk and can be used to generate security from disaster. Importantly from a
political economy perspective, the framework directs attention to the ways in
which the organizational, institutional, and political context helps to shape local
capacity—but also recognizes that these structures are reproduced through the
actions of individuals and households. The social-ecology perspective empha-
sizes the need to focus on coupled human-environmental systems when dealing
with the assessment of risk. The best known visualization of this approach has
been developed and published by Turner et al. (2003). Compared to political
economy, the perspective of social ecology stresses the transformative quali-
ties of society with regard to nature—and also the effects of changes in the
environment on social and economic systems. It argues that the exposure and
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susceptibility of a system can only be adequately understood if these coupling
processes and interactions are addressed.

Comprehensive perspectives from vulnerability and disaster risk assess-
ment have tried to develop an integrated explanation of risk. These approaches
particularly differentiate exposure, susceptibility, and societal response capaci-
ties or the lack of resilience (see Cardona, 1999a,b, 2001, 2010; IDEA, 2005;
Birkmann, 2006a; Carrefio, 2006; Carrefio et al., 2007a,b; Birkmann and
Fernando, 2008; Barbat et al., 2011; Carrefio et al., 2012). A core element of
these approaches is a feedback-loop system which underlines that vulnerability
is dynamic and that vulnerability assessment cannot be limited to the identifi-
cation of deficiencies, but rather also take into account the potential feedback
loops and intervention tools that exist or can be developed in order to reduce
vulnerability. Moreover, the approaches of so called integrative and holistic
frameworks also incorporate the perspective of sustainable development into
the assessment of vulnerability (Birkmann, 2006b).

The fourth school of thought emerged within the context of CCA (see e.g.,
Fiissel and Klein, 2006). Most of these approaches focus closely on the defi-
nition of vulnerability used by the IPCC (AR4). Vulnerability in this regard
is understood as a function of exposure, sensitivity,> and adaptive capacities
(Fiissel, 2007a,b; McCarthy et al., 2001; IPCC, 2007; O’Brien et al., 2008a,b).
These frameworks, however, differ from the understanding of vulnerability in
the DRM community in that they take into account the rate and magnitude of
climate change. This introduces a critical distinction between the understanding
of vulnerability within climate change and the other schools of thought dis-
cussed above. The concept of vulnerability here includes external environmen-
tal factors of shock or stress. Hence, in this view, the magnitude and frequency
of potentially hazardous events is to be included in the calculation of vulner-
ability to climate change and hence, the vulnerability concept shifts toward a
risk definition.

1.3 MULTIDIMENSIONAL AND HOLISTIC PERSPECTIVE: THE
MOVE FRAMEWORK

1.3.1 Goals of the Framework

A key goal when developing the MOVE framework was to provide an improved
conceptualization of the multifaceted nature of vulnerability, accounting for key
causal factors such as exposure, susceptibility, lack of resilience (lack of soci-
etal response capacities), as well as for the different thematic dimensions of
vulnerability: physical, social, ecological, economic, cultural, and institutional.

3. Interestingly, the term sensitivity means different things to different communities; however, the
actual factors used to assess sensitivity of a system in CCA can be closely linked to factors that are
used to characterize susceptibility or fragility in the DRM context.
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FIGURE 1.1 The MOVE framework. Own figure, based particularly on concepts of Cardona,
1999a, 2001, p. 65; Turner et al., 2003; Bogardi and Birkmann, 2004; IDEA, 2005; Birkmann,
2006b; Carreiio et al., 2007a; see also Birkmann et al., 2013.

Additionally, the framework incorporates the concept of adaptation into DRM,
and therewith explicitly differentiates coping from adaptation.

The MOVE conceptual framework (see Figure 1.1) underlines that hazards
are of natural or socio-natural origin while vulnerability in its multifaceted
nature is mainly linked to societal conditions and processes.

1.3.2 Key Factors of Vulnerability within the MOVE Framework

At its core, the MOVE framework differentiates key factors of vulnerability and
shows the different thematic dimensions of vulnerability. The key factors of
vulnerability are defined as follows:

1. Exposure describes the extent to which a unit of assessment falls within the
geographical range of a hazard event. Exposure extends to fixed physical
attributes of social systems (infrastructure) but also human systems (liveli-
hoods, economies, cultures) that are spatially bound to specific resources
and practices that may also be exposed. Exposure is then qualified in terms
of spatial and temporal patterns.

2. Susceptibility (or fragility) describes the predisposition of elements at risk
(social and ecological) to suffer harm. Although susceptibility and fragility
imply subtle differences in various concepts, we mainly use them synonymously
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within the meta-framework in order to emphasize the core differences between
exposure, susceptibility, and lack of resilience. In this context, susceptibility (or
fragility) can be calculated and addressed often independent of exposure.

3. Lack of resilience or societal response capacity is determined by limitations in
terms of access to and mobilization of the resources of a community or a social-
ecological system in responding to an identified hazard. This includes preevent
risk reduction, in-time coping, and postevent response measures. Compared to
adaptation processes and adaptive capacities, these capacities focus mainly on
the ability to maintain the system in light of a hazard event impacting the sys-
tem or element exposed. In this sense, the capacity to anticipate, the capacity
to cope, and the capacity to recover can include significant changes to existing
practices around a referent hazard event/scenario but does not include learning
based on the potential for future change in hazard and vulnerability contexts.
However, the concept of resilience also includes learning and reorganization
processes, and therefore is positioned as a subcomponent of the adaptation
box. Compared to the key factor “lack of resilience”, which refers to existing
capacities, the adaptation box also deals with the ability of a community or a
system to learn from past disasters and to change existing practices for poten-
tial future changes in hazards as well as vulnerability contexts.

4. Hazard is used to describe the potential occurrence of natural, socio-natural,
or anthropogenic events that may have physical, social, economic, and envi-
ronmental impact in a given area and over a period of time. Therefore, haz-
ard is defined by the potentiality of geodynamics or hydro-meteorological
processes to cause effects upon exposed elements. In addition, the concept
of coupling emphasizes the framework’s assertion that any defined hazard
is given form and meaning by interaction with social systems, and similarly,
social systems are influenced by their actual and perceived hazard context.

1.3.2.1 Multidimensional Vulnerability

In addition to key factors of vulnerability, core thematic dimensions of vulner-
ability have to be addressed within a holistic assessment process. Key thematic
components are explained as follows:

e Social dimension: propensity for human well-being to be damaged by disrup-
tion to individual (mental and physical health) and collective (health, edu-
cation services, etc.) social systems and their characteristics (e.g., gender,
marginalization of social groups).

e Economic dimension: propensity for loss of economic value from damage to
physical assets and/or disruption of productive capacity.

e Physical dimension: potential for damage to physical assets including built-up
areas, infrastructure, and open spaces.

e Cultural dimension: potential for damage to intangible values including
meanings placed on artifacts, customs, habitual practices, and natural or
urban landscapes.
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e Environmental dimension: potential for damage to all ecological and biophys-
ical systems and their different functions. This includes particular ecosystem
functions and environmental services (see e.g., Renaud, 2006) but excludes
cultural values that might be attributed.

e Institutional vulnerability: potential for damage to governance systems, orga-
nizational form and function, as well as guiding formal/legal and informal/
customary rules—any of which may be forced to change following weak-
nesses exposed by disaster and response.

The majority of assets and systems exposed to hazard will exhibit more than
one dimension of vulnerability.

1.3.2.2 Risk and Risk Governance

In contrast to vulnerability, risk is defined as the probability of harmful con-
sequences or losses resulting from interactions between hazard and vulnerable
conditions. It is the potential for physical, social, economic, environmental,
cultural, or institutional consequences or losses, in a given area and over a
period of time (see UNISDR, 2004). In addition, risk governance is linked
to decisions and actions performed by formal stakeholders such as govern-
ments or different governmental institutions and informal stakeholders
(individual households) that include tasks on risk reduction, prevention, miti-
gation, and transfer, and also preparedness and disaster management (see e.g.,
Renn, 2008).

1.3.2.3 Adaptation

Adaptation and adaptive capacities describe techniques, assets, and strategies
applied or available to intervene in vulnerability; i.e., manage exposure, sus-
ceptibility, and resilience at any one moment in time. Compared to the concept
of coping, adaptation here is understood as a mechanism and response capac-
ity that also aims to change existing institutional and organizational structures
and hence does intend to modify the system; while coping is associated with
capacities to maintain a system as it is in the face of adverse consequences.
In this regard, resilience building and improvement is seen as a component of
adaptation. Compared to capacities to cope or to recover (classified as the “lack
of resilience”), resilience in the adaptation box refers to learning and reorgani-
zation processes in the light of potential future changes and hazards, as well as
potential changes in vulnerability. Consequently, the concept of resilience is dif-
ferentiated into (1) a more reactive part that refers to the lack of resilience, while
(2) the ability to learn and to reorganize in anticipation of future changes (pro-
active actions) are linked to the notion of adaptation. While coping capacities
and resilience are primarily linked to capacities that help to maintain the current
status of the systems under stress, adaptation as a concept implies actions aimed
at making more profound change in socio-ecological relations (see e.g., Pelling,
2010; Birkmann, 2010, 2013).
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1.3.3 Theoretical Grounding of the Concept: System Thinking
and Nonlinearity

In terms of the underlying theoretical concept, the framework is based on and
refers to general systems theory, cybernetics and interlinked systems theory (see
e.g., Vester, 2008). It underlines that vulnerability and risk are embedded in pro-
cesses and therefore have a dynamic nature—they change over time. Although
this has been stressed by different authors in the past (see e.g., Keiler et al.,
2006; Briindl et al., 2010), many vulnerability and risk assessment approaches
in the context of natural hazards and climate change still do not account for
capacities to cope and to adapt and hence do not link their thinking to newer
approaches in the context of disaster risk reduction and CCA. Compared with
the linear understanding of feedback and response processes held by cybernetic
theory and the idea that systems can be steered more or less easily, the MOVE
framework is based on the understanding that risks also involve complexity and
the emergence of different vulnerability as well as response patterns to risks
observed. This thinking can build on a legacy of engagement with cybernet-
ics in the geographical tradition of hazards studies (Cardona, 2001, 2010; Hil-
horst, 2004; Pelling, 2010). Critics argued that while the cybernetic approach
had made progress in providing a framework that recognized social context as
a mediating pressure on the environment, it did not have the conceptual tools
to analyze these relationships. Deeper social relations of production and power
were not included.

Current perspectives on adaptation, vulnerability, and risk to climate change
developed from systems thinking within the socio-ecological systems school
have made some advances in integrating power dynamics into models of risk
(see e.g., Gunderson and Holling, 2002). The policy warning is that social sys-
tems will change in time driven either by environmental crisis or preemptive
risk management (Handmer and Dovers, 1996). It is possible to insert power
into this analysis through the interaction of institutions or structures and agency
in cycles of adaptation. The challenge here is to understand under which condi-
tions institutions and decision makers are able to deal with interacting social
and ecological crises (Galaz et al., 2011).

1.4 THE APPLICATION: CRITERIA AND INDICATORS

The MOVE framework is first and foremost a thinking tool, however, it also
served as an important guiding vision for the development of specific criteria
and indicators that allow to assess vulnerability in different cities and regions in
Europe and worldwide. Within the application of the framework and the devel-
opment of concrete assessment tools, the constraints and limits of the frame-
work become evident. However, interestingly, various case studies presented in
this volume show that many case studies could apply the framework within the
empirical research process or selected components of it.
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The case studies dealing with seismic risk in Barcelone (Spain) and the flood
vulnerability assessment in the Salzach River Basin as well as the floods in
Cologne use various core factors of vulnerability outlined in the MOVE frame-
work within their assessment. In this regard, important indicators for assess-
ing (1) exposure, (2) susceptibility, and (3) response capacities in terms of the
lack of resilience (lack of coping or recovery capacities) as well as adaptation
processes are shown. Consequently, the framework can be operationalized for
specific assessments. More specific vulnerability and risk assessments are con-
ducted within the context of the healthcare system in Florence (Italy) and the
heatwave vulnerability and risk management capacities in London (UK). Vul-
nerability assessments to forest fires and coastal erosion is demonstrated within
the case study of Portugal and a vulnerability assessment to mass movements in
mountainous environments is show with the case study of South Tyrol.

Overall, the examples show that most of the components of the MOVE
framework can be applied as a basis for developing and differentiating indica-
tors and criteria for vulnerability assessment within the broader context of risk
management and risk governance. However, the interested reader will also find
important differences in the operationalization and further concretization of dif-
ferent vulnerability factors and concepts such as adaptation and coping. These
differences could be seen as a cacophony of the concept and term again; how-
ever, we view these differences and specific perspectives also as an important
part of the contextualization of the general MOVE framework and the concept
of vulnerability. That means compared to a standardized natural hazard assess-
ment, for example, in terms of earthquake hazards using the Richter or Moment
Magnitude scale, vulnerability about societal conditions and hence has to be
translated and operationalized within a specific context. Consequently, some
indicators and core factors of vulnerability might need to be interpreted differ-
ently or have to include additional information and indicators in order to make
sense for the specific spatial, cultural, or socio-economic context. The core mes-
sage that the MOVE framework provides for DRM and CCA is that even if the
exposure of people or infrastructures or ecosystems is similar, the vulnerability
of different groups, infrastructures, and ecosystems is most likely to be differ-
ent, since vulnerability is differential. For example, in the case of the assess-
ment of social vulnerability in Barcelona, low-income groups and low-income
urban areas were used as proxies to assess particularly vulnerable groups and
areas. The lack of institutional resilience was assessed by using expert inter-
views and a benchmark index for preparedness and the capacity of different
agencies to deal with earthquake-related disasters (rescue teams, fire brigades,
etc.) in Barcelona. Hence, the assessment of response capacities requires a more
precise understanding of the hazard and specific vulnerabilities that should be
considered when evaluating response and preparedness strategies and capaci-
ties. Overall, the case studies provide a rich overview of different vulnerability
facets and the approach to systematize important information according to the
framework outlined before.
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1.5 CHALLENGES AND OUTLOOK

Against the background of the diverse approaches and assessment methods used
in DRM and CCA, the MOVE framework presented and the further applica-
tion of it in case study cities or regions (see case study chapters) shows that
a common meta-approach can be achieved linking different approaches and
research communities. In this regard it is also important to note that the MOVE
framework and its discussion also informed particularly the new framing of risk
management within the Intergovernmental Panel on Climate Change (IPCC).
The IPCC Special report on “Managing the Risk of Extreme Events to Advance
Climate Change Adaptation” is based on this broader framing of vulnerability
and the understanding that extreme events do not necessarily cause extreme
impacts. Rather the new framework of the IPCC underscores that next to the
physical phenomena (e.g., hazard or extreme weather event), exposure and
vulnerability are key in determining whether such extreme events can cause
extreme impacts (see IPCC, 2012).

As a heuristic, the MOVE framework is a thinking tool to guide systemic
assessment processes and the development of indicators, which for example
could be described in specific guiding documents (Vinchon et al., 2011). How-
ever, the framework does not provide a specific assessment method (qualitative
or quantitative) or a predefined list of indicators. Rather, it outlines key factors
and different dimensions of vulnerability that can serve as a basis for a system-
atic operationalization of vulnerability (see the following chapters). The frame-
work stresses the fact that many interactions that shape vulnerability are dynamic
(change over time) and characterized by nonlinearity and place-specific factors.
Thus, the application of the framework has to consider the place-specific charac-
teristics that influence vulnerability and its components as well as the coupling
processes between social and environmental systems. In addition, this framework
considers different scales: not only recognizing the fact that certain characteris-
tics are typical or only valid at a certain scales (e.g., community versus global
assessment) but also reflecting the fact that specific scales (spatial and temporal
scales) correspond with different needs of stakeholders and institutions operating
at different times and spatial ranges. The specific translation of the framework
into concrete measures also depends on the research object or subject (social
group, physical buildings, socio-ecological systems) and the hazard context. An
important benefit of the framework can be seen in the ability to straddle multiple
approaches and epistemologies in natural and social sciences and DRM. Instead
of focusing solely on the deficiencies of a community or incapacities of different
social groups or social-ecological systems, the concept and its application shows
that vulnerable groups or systems have also developed capacities that help them
to survive or deal with changing environmental conditions.

Lastly, the framework is easy to understand for different disciplines and
therefore enables and promotes the communication process between different
communities, particularly between the DRM and CCA community. In this con-
text, the framework also has a strong relevance for policy makers that aim to
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base their decisions on a comprehensive and integrative approach of vulnerabil-
ity and risk identification. For example, the EU Flood Directive on Assessment
and Management of Flood Risks (2007/60/EC) and the subsequent EU Flood
Directive Implementation Strategy lack to address vulnerability in a compre-
hensive and integrative approach. In this regard, the framework could be used
to inform agencies responsible for carrying out flood risk maps in the context of
the directive, in terms of providing them with a broader overview of the various
dimensions and key factors that should be considered within a holistic approach.
However, challenges remain with regard to the implementation of the frame-
work and its key components in highly diverse hazards and cultural context
situations. In particular, the intangible factors that determine institutional or cul-
tural vulnerability are difficult to capture and to assess. However, the selected
examples shown in the table provide an illustration on how one can capture these
rather intangible aspects within such assessments. Hence, it is proven that these
facets of vulnerability can be translated into assessable criteria and indicators.
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